Camellia japonica plants manifesting a complex and variable spectrum of viral symptoms like 15 chlorotic ringspots, necrotic rings, yellowing with necrotic rings, yellow mottle, leaves and petals 16 deformations, flower color-breaking were studied since 1940 essentially through electron microscopic 17 analyses; however, a strong correlation between symptoms and one or more well characterized viruses 18 was never verified. In this work samples collected from symptomatic plants were analyzed by NGS 19 technique and a complex virome composed by viruses members of the Betaflexiviridae and 20 Fimoviridae families was identified. In particular, the genomic fragments typical of the emaravirus 21 group were organized in the genomes of two new emaraviruses species, tentatively named Camellia 22 japonica associated emaravirus 1 and 2. They are the first emaraviruses described in camellia plants 23 and were always found solely in symptomatic plants. On the contrary, in both symptomatic and 24 asymptomatic plants, we detected five betaflexiviruses isolates that, based on aa identitiy 25 comparisons, can be classified in two new putative species called Camellia japonica associated 26 betaflexivirus 1 and Camellia japonica associated betaflexivirus 2. Together with other recently 27 identified betaflexiviruses associated to Camellia japonica disease, the betaflexiviruses characterized 28 in this study show an unusual hyper-conservation of the coat protein at aminoacidic level. 29 30
INTRODUCTION 43
Camellia japonica is an evergreen subcanopy tree belonging to the Theaceae family, genus Camellia. 44 It is the most important ornamental species in its taxonomic group (Vela et al., 2013) not only for the 45 aesthetic beauty of its flowers but also for its role in medical and cosmetic fields: in fact, recent 46 investigations showed its value in terms of bioactive compound content and antioxidant profile (Kim 47 et al., 2019; Lu et al., 2019; Páscoa et al., 2019) . 48 In Japan and in South Korea, C. japonica is a naturally widespread plant species, predominant in old- 49 grown forests and islands and typically blooming from the end of January to March (Chung et al., 50 2003 ). The C. japonica species was first noticed in China at the end of the 17th century and imported 51 in England, from where it diffused to Italy, which became in a very short period the main center of 52 seed production. At the end of the 18th century this species spread and became popular also in the 53 Americas (Hume, 1955) . 54 Since C. japonica's shrubs produce a low number of fruits that contain very few seeds (San José et al., 55 2016), the propagation methods in commercial nurseries rely not only on seeds, but also on hardwood 56 cutting (preferred by Europeans and Americans) and grafting (International Camellia Society, 2019). 57 Cutting and grafting techniques can induce the diffusion and the persistence of different kind of 58 pathogens through plant generations but also viral transmission through seed can be possible in C. 59 japonica (Liu et al., 2019) . 60 In this regard, viral symptoms affecting camellia plants are described in literature since the late 1940: 61 color-breaking of flowers, yellow mottle, necrotic rings and ringspots on leaves. These symptoms are 62 recognized as typical of the Camellia leaf yellow mottle (CLYM) disease, transmissible by graft but 63 not by sap inoculation. This disease was associated to the presence of rod-shaped viral particles (140-64 150 x 25-30 nm) in the cytoplasm (rarely in the nucleus) identified solely through electron microscopy 65 (Gailhofer et al., 1988; Hiruki, 1984; Miličić, 1989) . This virus was named Camellia yellow mottle 66 virus (CYMoV) and, due to its helicoidal morphology, was initially proposed as a member of the 67 genus Varicosavirus but never classified by the International Committee on Taxonomy of Viruses; its 68 vector is still unknown (Valverde et al., 2012) . In India, in 1970, another virus infecting C. japonica 69 plants was discovered: it was called Tearose yellow mosaic virus (TRYMV) and was successfully 70 transmitted to healthy plant with the aphid Toxoptera aurantii (Ahlawat and Sardar, 1973) . 71 Recently, thanks to modern viral investigation techniques, such as the Next Generation Sequencing 72 (NGS) approach, new viral species probably involved in some C. japonica diseases were described. In 73 2018 in fact, Zhang and colleagues (Zhang et al., 2018) using this method, identified a novel 74 geminivirus called Camellia chlorotic dwarf-associated virus (CaCDaV) associated with chlorotic 75 dwarf disease in which the affected plants display young leaves with chlorosis, deformations and V- 76 shaped margins. A recent work allowed the association of foliar chlorotic ringspot symptom (that 77 occurred with or without other symptoms like mottle and/or leaf variegation) with three novel viruses 78 of the family Betaflexiviridae, which were detected also in seeds of diseased plants (Liu et al., 2019) . 79 Here we report a two-year investigation on the virome of Italian camellia plants showing virus-like In order to understand if a putative viral etiological agent could be mechanically transmitted, leaf 100 extracts from symptomatic plants were mechanically inoculated to a number of herbaceous test plants 101 as already described (Roggero et al., 2002) .
103
Transmission electron microscopy 104 For negative staining, portions of infected leaves were crushed and homogenized in 0.1 M phosphate 105 buffer, pH 7.0, containing 2% PVP. A drop of the crude extract was allowed to adsorb for 3 min on 106 carbon and formvar-coated grids and then rinsed several times with water. Grids were negatively 107 stained with aqueous 0.5% uranyl acetate and excess fluid was removed with filter paper. 108 For sections, squared pieces of about 5 mm each dimension were excised from symptomatic leaves 109 and embedded in Epon epoxy resin (Sigma). Briefly, they were immediately sub-merged in the 110 fixation solution (2.5% glutaraldehyde in 100 mM phosphate buffer pH 6.8), vacuum treated and then 111 incubated over night at 4°C. Samples were rinsed three times for 5 min in 100 mM phosphate buffer 112 pH 6.8, cut in small strips of no more than 1 mm of width and then treated as described in (Rossi et   113 al., 2018). Ultrathin sections (70 nm in thickness) were cut using an ultra-microtome (Reichert-Jung 114 Ultracut E, Leica Microsystems, Wetzlar, Germany), collected on formvar coated copper/palladium 115 grids and stained for 1 min with lead citrate (Reynolds, 1963) . 116 Observation and photographs were made with a PHILIPS CM10 TEM (Eindhoven, The Netherlands), 117 operating at 60 kV. Micrograph films were developed, digitally acquired at high resolution with a 118 D800 Nikon camera; images were trimmed and adjusted for brightness and contrast using GIMP 2 119 software. . The homogenate of the sample was prepared using a mechanical press, by 127 grinding the leaf tissues in specific filter bags (BIOREBA). Filtered extracts were collected and added 128 with PEG (10%), 0.2 M NaCl and 5% Triton X-100 and then stirred for 1 h in the cold room (4°C). 129 The resulting mixture was centrifuged for 40 min at 10.000 rpm. in a Sorvall rotor GSA; the pellet Bioinformatics analysis for the identification of further fragments 186 In order to identify additional fragments belonging to emaraviruses the following bioinformatics 187 strategy has been applied: i) a virus free library, derived from "healthy plant-2019", has been used as Fig.1, B ), necrotic rings ( Fig.1, C) and yellowing associated to necrotic rings ( Fig.1, D) ; not only 203 mature leaves manifested the investigated symptoms but also young-fresh leaves were affected ( Fig.1,   204 B). During the study of the symptoms, we noticed also deformations and color breaking of petals 205 (Supplementary Figure 1.) already described in literature (Gailhofer et al., 1988; Hiruki, 1984) . 206 Negative staining of symptomatic leaves showed coiled virus-like particles as those described in 207 Prunus by (James et al., 1999) . Particles ranged from completely coiled, partially uncoiled and totally 208 uncoiled structures ( Fig. 2a , b, c, d). Completely coiled particles showed 12 loops, length of about 130 209 nm, an average width of 31 nm and a short extension at one or both ends ( Fig. 2a ). Partially uncoiled 210 particles showed less than twelve loops and longer filamentous extensions at one or both ends of about 211 11 nm in diameter ( Fig. 2b,c) , which is the diameter observed also for totally uncoiled particles ( Table 1 ), except for healthy plant 2019. 231 Some of the sequences found in the sample CAM-NGS2018 ( Supplementary Fig. 2 , A) matched with 232 emaraviruses genomic fragments that have negative stranded (-) ssRNA genomes. We were able to 233 identify eight fragments corresponding to two RNA1, two RNA2, two RNA3 and two RNA4, 234 supposedly belonging to two distinct emaraviruses. 235 The two RNA1 fragments were both 7119 nucleotides in length with a single ORF coding for putative 236 RNA dependent RNA polymerases (named RdRp1 and RdRp2), with a predicted molecular weight of 237 274 kDa and 275 kDa respectively. However further investigations showed that these full length 238 sequences were not actually present in the sample as assembled by trinity (see results below). In the 2019 set of samples analyzed by NGS (Table 1) To better understand whether the RdRp3 could effectively be the result of a recombination event, we 285 decided to carry out a specific PCR experiment using primers flanking a "transition zone" 286 (represented in Fig.3, A) where the three RdRp1, RdRp2 and the RdRp3 coding sequences share 29 287 identical nucleotides. More in detail, four reactions were prepared (for the scheme, see Fig.3 Table 2 ). As shown in 294 Fig. 3 (B The mappings of the reads for all the samples (see Table 1 .), clearly showed that the three samples Phylogenetic analyses 388 389 In order to frame the identified viruses in taxonomic groups and to define their possible evolutionary 390 history, the putative amino acid sequences of the two CjEVs RdRp, GP, NP and MP proteins were 391 aligned to those of other emaravirus protein sequences to produce phylogenetic trees (Fig. 6 ) 392 In all the phylogenetic analyses, CjEV1 and CjEV2 cluster together and form a separate branch. When 418 419 In order to investigate the presence of the newly identified viruses in a wider range of camellia plants, 420 and try to associate specific virus presence with symptoms, 35 plants were analyzed through qRT-421 PCR. Ten plants were asymptomatic and 25 plants showed different degree of leaf variegation disease 422 ( Table 2 and Supplementary Fig.4 ). Reactions were performed using primers amplifying specifically against viral attacks. This VSR property seems to be conserved among different CP variants which 512 also have different abilities to aggregate in vivo in N. benthamiana and to cause the appearance of 513 different symptoms in N. occidentalis (Ma et al., 2019) . In light of this, the fact that the CP protein is 514 so highly conserved among the group of camellia betaflexiviruses, could be linked to its role in 515 symptoms development and in VSR in this ornamental plant, role to be explored through future 516 studies. Our microscope observation never showed the presence of filamentous virus as the one 517 described in Liu et al. (2019) . Nevertheless, initially, the viral like particles observed in negative 518 staining were ascribed to betaflexiviruses: in particular, the uncoiled form (Fig. 2d) were aligned with MUSCLE and then phylogenetic trees were produced using the maximum likelihood methodology in 623 IQ-TREE software. Each branch reports numbers that represent statistical support based on bootstrap analysis (1000 624 replicates). The viruses identified in this work are written in red. The species representative of the emaraviruses group 625 (ICTV taxonomy) is marked with a black diamond. The predictive models used for each phylogenetic tree are: 626
Detection of the newly found viruses in Camellia samples
LG+F+I+G4 (RdRp), LG+F+G4 (NP), LG+F+I+G4 (MP), WAG+F+G4 (GP) 627 628 Figure 7 . Phylogenetic placement of all Camellia japonica associated betaflexiviruses. Amino acids sequences of RNA-629 dependent RNA polymerases (RdRps) were aligned with MUSCLE and then phylogeny was derived using the maximum 630 likelihood methodology in IQ-TREE software. The statistical support based on bootstrap analysis (1000 replicates) is 631 summarized in the numbers on the branches. Viruses identified in this work are marked by black triangles. The predictive 632 model used for the phylogenetic tree is VT+F+I+G4 633 634 
